The issue of formation rearrangement for a troop of cooperative unmanned vertical takeoff and landing (VTOL) aircrafts in an obstacle-loaded atmosphere is figured out using a purposed backstepping based proportional-integral-derivative controller (PID). The designed controller is developed to regulate every unmanned quadrotor within the troop in an exceedingly localized manner guaranteeing the reserving of the required geometric formation. The backstepping technique could be a promising control technique for nonlinear and coupled multivariable systems. The essential contribution in this paper concentrates on resolving the formation issue for a troop of cooperative pilotless VTOL airplanes in a decentralized manner via backstepping PID regulator. The designed decentralized controller guarantees the success of the required mission of the swarming troop. The simulation results declare the successes of the proposed controller in guaranteeing the stability of the system and reserving of the desired geometric formation either within the existence or absence of obstacles.
cooperative control based on unanimity called Consensus theory [28] , and optimal control of formation rearrangement for a troop of UAVs founded on Legendre Pseudospectral hypothesis in 2017 [29] .
One of the ultimate remarkable kind of UAVs in duration is the four rotor VTOL aircraft named as quadrotor [30, 31] . Some of its useful features are its competence of maneuverability and ease of design and maintain leading that VTOL aircraft has superiority over conventional aircraft [32] [33] [34] [35] [36] [37] . Unlike the traditional vertical takeoff vehicles, the quadrotors are characterized by a plain framework and minimum cost [32] . However, the complexity of controlling the quadrotors during autonomous hovering and maneuver has become a great challenge for engineers due to its nonlinearities and coupled variables [38] .
The main contribution of this paper concentrates in solving the formation problem for a troop of cooperative VTOLs using a designed backstepping based proportional-integral-derivative controller (PID). Most backstepping controller used as an upper hand controller [39] [40] [41] [42] ; however the proposed controller is implemented to control each quadrotor in a decentralized pattern. The proposed designed controller has the notability to handle the underactuated properties and the nonlinearities of the quadrotors. It is shown that controlling each quadrotor independently guarantees more stability and robustness of the complete formation of the troop.
The backstepping technique is a well-chosen control technique for highly nonlinear systems [2, 3, 36, [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] . Backstepping methodology putts the whole controller decomposition into several steps to be completed. In each designing step, a virtual control is selected to make the prior system stable. Consequently, the control algorithm is modified gradually until the system achieves stable control effect [50] . The adaptability of the backstepping technique lies in its recursive process of Lyapunov functions. The backstepping selects recursive convenient variables as implicit inputs for reduced range subsystems of the complete system. The Lyapunov functions are planned for every steady implicit controller guaranteeing the fastness of the entire control system [51] . The advantages of backstepping techniques are that the controller has fast convergence rate and has the ability to deal with nonlinear systems likewise the effect of outside uncertainty and stabilize the whole system to be able to drive a quadrotor to the desired trajectory [3] , while bad system robustness can be considered as the central disadvantage of this way [50] . The underlying controller is established on the restitution of the Coriolis and gyroscopic torques and the exercise of a PD framework for altitude and yaw scopes along with the exercise of backstepping regulator primarily for the circular control, where the relative process outlined the Euler angles terms and the derivative process outlined the airframe angular velocity terms. After that optimization method is used to obtain the appropriate parameters quantities. This paper is arranged as follows; Section II symbolizes the mathematical model of the VTOL understudy, whilst Section III represents the backstepping PID controller layout. The simulation results of trajectory tracking using the proposed backstepping controller for cooperative VTOLs in free and obstacle-loaded atmosphere are represented in Section IV. Furthermore, a collision avoidance innovation is granted in section IV. Finally, the current work is summarized and some of the outlook intentions are highlighted in Section V.
II. Quadrotor Framework Paradigm
Quadrotor composed of four rotors mounted at an equivalent separation from the focal hub in a uniformed pattern. The whole rotors are adjusted to produce thrust and torque. Each rotor of the quadrotor generates both thrust and torque. The anterior and posterior rotors spin counter-clockwise (produce clockwise torque) whereas the opposite couple spin clockwise to stabilize the aggregate torque of the whole system. So, we can stabilize the quadrotor by adjusting the rotor speed of each one separately. Assume that n t is the thrust and 
U t t t t    
The technique of modeling the quadrotor does not seem like the one that exercised for fixed wing UAVs. Actually, the circular conversions are not executed in the same configuration to set out from the earth to the body frame. Normally, the most powerful way is to carry out the eventual turnover of the earth framework to the body conversion straight with the thrust part [52] . So, for the body to earth transformation, the subsequent direction cosine matrix is counted as in (5) 
Whereas: ,,    Roll, Pitch, and Yaw angularities respectively.
A Newtonian modeling way was selected to determine the quadrotor dynamics for control objectives. The Newtonian way is the ultimate favorable choice for modeling solid bodies in six degrees of freedom [54, 55] . Eventually, the Newtonian founded equations applied to fetch a robust frame in 6-degrees of freedom are clarified and can be found in many references [55, 56] . The dynamics of a rigid body under outer forces utilized to the midpoint of mass and declared in the body-fixed frame are in Newton-Euler formalism given in (6) [31, 37, 53, 57] .
Suppose a steady earth scope E and a steady body scope B as shown in Fig. (1). Utilizing Euler angles characteristics; the airframe bearing in space is determined by a rotation
R from
B to E whereas 3 R SO  are the rotation matrix. 
III. Backstepping Controller Design
The backstepping PID regulator fetches the data from the sensors straight with the assigned mission as inputs. The controller uses during the calculation many parameters, which represent the states and the dynamics of the quadrotors. The output of the algorithm is the code that allocates the PWM signal for each motor of the four motors of each quadrotor.
Backstepping PID control is selected to provide circular control of the th i quadrotor airplane in which the inputs 2i U , 3i U and 4i U control quadrotor aerial robot at hovering, where 1, 2,..., ij  ( j is the number of quadrotor in the swarming troop). At the 1 st step, the pitch pursuit error is resolved as in (8), the error which associated with the translational position is assumed as the difference value between the current and the required path.
Where di  is a desired pitch angle trajectory for th i quadrotor.
Differentiating Eq. (8), the dynamics of this error are acquired as in (9):
The 1 st error in the controller design will be:
Where 1i
k and 2i k are positive setting parameters and the 2 nd side at the right-hand half stands for the roll error.
Selecting the 1 st Lyapunov exercise positive definite as in (11):
Differentiating Eq. (11) yield:
Assuming i  be the virtual control, the desired virtual control () di  is characterized as in (13): For the 2 nd step, the virtual control i  is determining the pitch value of the underlying quadrotors and its own errors also, that is given as in (14):
From Eq. (9): 2i e can be rephrased as in (15):
Integrating Eq. (10) yields:
Substituting 1i
e from Eq. (16) into Eq. (15) yields:
Choosing the 2 nd Lyapunov function positive definite as in (18) 
The wanted dynamics are:
Where 2i c , 22 12 1 
From (22), 2i
U is a backstepping PID control and its gains are: 
IV. Simulation Results
Concerning approving the offered control approaches, a simulation environment is settled under "SimulinkMatlab". The simulation is established on the complete nonlinear model of the quadrotors introduced by the movement equations introduced in Eq. (7). The simulation results recorded in the occupancy and absence of obstacles as well, so the simulation results will be presented in both an obstacle-free atmosphere and an obstacleloaded atmosphere.
A. Obstacle-Free Atmosphere:
The simulation results are introduced for a troop of three cooperative quadrotors initially started from different operating points and converging to a desired position respecting the separating distance. The paths of the leader UAV through X-axis, Y-axis and Z-axis are presented in Figs. (2) , (3) and (4), respectively. The path trajectory is presented as different step inputs then inhomogeneous parabolic path. The reference trajectory used to evaluate the position controllers. Fig. (5) represents the trajectory of the cooperative UAV troop following the desired path in 2-D, while the trajectory in 3-D is represented in Fig.(6) . The detaching distances among the leader UAV and the two followers in the X and Y pivots are shown in Fig. (7) and Fig. (8) , respectively. The controller succeeded to converge to the wanted detaching distance 10 m. Results from the simulation detained in the obstacle-free atmosphere, the designed controller achieves the desired path respecting the desired separating distances and velocities. One should notice that there is a slight difference between the responses of the two different kinds of paths. This difference between following step input path and parabolic path behaviors is due to slow rise time rate responding to the abrupt change. These responses can be accepted if compared with the attitude of the quadrotor in real-time flight. The cooperative quadrotors start initially from different operating points and converge to the desired positions respecting the constraints on the distance and velocity. The troop follows the designed trajectory and accomplishes their mission successfully.
B. An Obstacle-Loaded Atmosphere:
With a view to present the capacity of the underlying backstepping controller to pursue the desired trajectory in an obstacle-loaded atmosphere, obstacles were formed as a rectangle representing a plan view of an obstacle. For simplicity, the quadrotors altitudes were assumed as a constant height during the obstacle avoidance execution in the simulation. This would summarize the trajectory design complication to a 2D issue. For full flight safety reasons, a couple of security regions are constantly maintained with 20m-radius safety region and 10m-separating distance called protected region [61] between each follower of the troop and the leader plane respectively. These regions ensure a 20m-radius as a starting point to the troop to start the maneuver at the edge of this safety region between the troop members and any obstacle. If an obstacle is identified on the edge of the safety region, a security loop is activated causing trajectory tracking interruption and ensuring a dodgy maneuver in a half circle route to bypass the obstacle and then resume to complete the original trajectory as shown in Fig. 11 . 
V. Conclusion
In this paper, backstepping PID controller is used to resolve the controversy of formation rearrangement for a troop of cooperative VTOL UAVs. The proposed controller is implemented to control each quadrotor of the troop in a decentralized way that guarantees stability and robustness of the complete formation of the troop. It can handle the under-actuated properties of the non linarites of each quadrotor. The simulation results show the effectiveness of the proposed controller in dealing with a cooperative unmanned VTOL air crafts in free or loaded obstacle atmosphere. The controller succeeded to UAV system to converge to the desired geometric formation either with existence or absence of obstacles.
In the future work, the proposed controller will be implemented and uploaded onboard quadrotors for real-time experiments. Also, new techniques such as adaptive neuro-fuzzy and self-adaptive PID will be applied to solve the formation problem for cooperative UAVs.
